methane-ethylene (8) -and hydrogenmethane-ethane (7) systems. since a study of the available hydrogen-methane data revealed internal scatter and inconsistency, new data were obtained for this system. Ternary-system data were obtained for the hydrogenmethane-propylene and the hydrogenmethane-propane systems. As an indicaExperimental equilibrium vapor and liquid compositions are reported for the hydrogenmethane system at -150", -200°, and -250°F. and at pressures of 500 to 4,000 lb./sq. in.
It has been noted that although low- tion of the behavior of hydrogen in complex systems, some data were obtained for the hydrogen-methane-ethylene-ethane-propylene-propane system.
EQUIPMENT AND PROCEDURES
The equipment used for obtaining the experimental data was the same as previously described (I and 10). Essentially it consisted of a high-pressure stainless steel cell in a constant-temperature air bath. An external circulating system took vapor from the top of the cell and returned it to the bottom of the cell.
The temperature in the cell was measured by a three-junction copper-constantan thermopile. The error in temperature measurement is believed to be within 3tl.O"F. a t -300°F. and 10.1"F. a t room temperature. Pressures are believed to be within 50.5% of the true pressure. During measurements temperatures and pressures were held constant from 2 to 8 hr. within these limits. Samples of liquid phases were analyzed a t intervals until two successive samples gave a constant composition. A thermal-conductivity cell was used to indicate the constancy of composition for the hydrogen-methane system.
Analyses of vapor and liquid phases, made with a CEC 21-103B mass spectrometer, are generally accurate to within .tW% of the component composition except at low concentrations, where the error may be somewhat larger. Many of the analyses for the hydrogen-methane binary system were made by means of the gasdensity method described by Williams and Katz (10) and are also believed to be accurate to within .tx%.
The gases used in this investigation as they existed in their containers were shown by the mass spectrometer to have a minimum purity of 99.0% (Hz 99.5%). Hydrogen and methane were both purified further by passing them through a train containing silica gel, Ascarite, and activated charcoal. The ethylene, ethane, propylene, and propane were purified further by a partialdifferential vaporization.
HYDROGEN-METHANE SYSTEM
The hydrogen-methane system was studied a t temperatures of -150", -ZOOo, and -250°F. and a t pressures from 500 to 4,000 lb./sq. in. as given in Table 1 . The pressure-composition diagram is given in Figure 1 , in which the data of The pressure-temperature plot of the data in Figure 3 shows that a t low concentrations of hydrogen the phase envelopes contain a minimum and that at higher concentrations the slope of the bubble-point curve is always negative.
The phenomenon was first noted by Kay (6) for the hydrogen-petroleumnaphtha system. The equilibrium constants for hydrogen and methane have been plotted as a function of pressure in 
HYDROGEN-METHANE-PROPANE SYSTEM
The hydrogen-methane-propane system was studied at temperatures of 0", -loo", and -200"F., Table 2 , and at pressures of 500 and 1,000 lb./sq. in. Selected triangular plots of the phase compositions are given in Figures 5, 6 , and 7. At -100°F. and 1,000 lb./sq. in., Figure 6 , Figure 8 as a function of the mole percentage of propane in the liquid phase. As shown, composition does have an effect upon the equilibrium constant for hydrogen, the effect being that addition of methane to the hydrogen-propane system results in decreasing the hydrogen equilibrium constant. Figure 9 contains the methane equilibrium constants taken from smoothed triangular diagrams and plotted as a function of the mole percentage of propane in the liquid phase. Figure 10 contains a similar plot of the propane equilibrium constants as a function of the mole percentage of propane in the liquid Fig. 9 . Equilibrium constants for methane in the hydrogen-methane-propane system as a function of mole percentage of propane in the liquid phase-cross plots. 
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